METHODS: Data were collected using a standardized format on all CVCs and patients when a CVC was inserted for more than 48 h. Results of microbiological studies and therapeutic interventions were recorded when a BSI occurred. RESULTS: There were 182 BSIs from 3696 CVC insertions in 2531 patients. Coagulase-negative staphylococci were responsible for 73% of the BSIs. Mean rates of CVC-associated BSIs per 1000 CVC days were 6.9, 6.8 and 5.0 in adult, neonatal and pediatric ICUs, respectively. Significant factors associated with BSI included duration of CVC insertion (OR=1.2, 95% CI 1.1 to 1.3), receiving total parenteral nutrition (OR=4.1, 95% CI 1.2 to 14.3) and having one or more CVCs (OR=3.1, 95% CI 1.5 to 6.5). In the case-control study, 80% of the variance in a backward elimination logistic regression analysis was explained by duration of CVC insertion (OR=1.2 per day), receiving chemotherapy (OR=6.1), more than one CVC insertion during the study (OR=3.5), insertion of a CVC with two or more lumens (OR=2.3), using the CVC to administer total parenteral nutrition (OR=1.6) and having a surgical wound other than a clean wound (OR=1.6). CONCLUSION: The present study identified risk factors explaining 80% of the variance associated with BSIs and is one of the largest reports on the rate of CVC-associated BSIs occurring in the ICU setting. 
T he use of central venous catheters (CVCs) has permitted life-saving treatment for individuals requiring hemodynamic monitoring, total parenteral nutrition (TPN), emergency hemodialysis or chemotherapy. However, CVCs are also associated with significant and sometimes life-threatening infectious complications such as septicemia and septic thrombophlebitis (1) (2) (3) (4) (5) (6) (7) . The National Nosocomial Infection Surveillance System (NNIS) in the United States has reported that most nosocomial bloodstream infections (BSIs) in intensive care units (ICUs) are associated with indwelling intravascular devices (6) . Although there is debate in the literature on the confounding variable of severity of underlying illness, reports suggest up to a 35% increase in attributable mortality in hospitalized patients with a CVC-associated BSI (1, 2) . Health Canada has recommended that all health care facilities calculate their rate of CVC-associated BSIs to allow comparisons with the infection rates reported in other health care facilities, within their own facility over time and within the literature (8) , acknowledging the limitations of interhospital comparisons (2, 3, 9, 10) .
Little is known about the rate of CVC-associated BSIs occurring in Canada. Therefore, the Canadian Nosocomial Infection Surveillance Program (CNISP) -a collaboration between the Centre for Infectious Diseases Prevention and Control within the Public Health Agency of Canada (formerly the Laboratory Centre for Disease Control, Health Canada) -and the Canadian Hospital Epidemiology Committee -a subcommittee of the Association of Medical Microbiology and Infectious Diseases Canada (formerly the Canadian Infectious Disease Society) -conducted a prospective six-month cohort study in Canadian Hospital Epidemiology Committee member health care facilities, using standardized definitions and methodology to determine the rates of BSIs occurring in patients in Canadian ICUs. Potential risk factors for CVCassociated BSIs were simultaneously evaluated in a nested case-control study.
METHODS Prestudy questionnaire and pilot study
A prestudy questionnaire sent to 21 Canadian health care facilities participating in the CNISP revealed the use of at least four different sets of criteria for defining catheter-related BSIs; furthermore, it was found that not all facilities calculated CVC-associated BSI rates (11) . Responders from these sites also stated that CVCs inserted for less than 48 h rarely became infected, and expressed concern that enrolling all CVCs was not time effective. A one-month, prospective pilot study (12) conducted in four sites (14 ICUs) was performed to determine the feasibility of enrolling only CVCs inserted for more than 48 h and to test the questionnaire. During the pilot study, only 14% of all CVCs inserted were in place for more than 48 h. No CVC inserted for less than 48 h became infected. The design of the six-month cohort study was based on the information gained from the prestudy questionnaire and the pilot study. Thus, based on the pilot test questionnaire, the researchers decided to only enroll CVCs that had been inserted for more than 48 h.
Enrollment and data collection for the prospective cohort study
The study was conducted as part of routine, active surveillance activities in participating CNISP site ICUs. All ICU patients who had a catheter greater than 5 cm in length inserted into a central vein (eg, internal jugular, external jugular or subclavian), a peripheral vein (arm, femoral, umbilical or other peripheral vein) or an umbilical artery were eligible for enrollment provided the following criteria were met: CVCs were inserted for more than 48 h during the surveillance period; they were left in situ for 30 days or less; CVCs were inserted in the ICU or in the 24 h before ICU admission. CVCs with an attachable cuff were eligible for enrollment but midline catheters and pulmonary artery catheters were not. Patients with cuffed, tunnelled catheters or implanted catheters were not enrolled unless the devices were inserted in a child younger than one year of age and met all other enrollment criteria eligible for enrollment. Both newly inserted CVCs and CVCs replaced over a guidewire were eligible. If a patient had more than one CVC inserted during the surveillance period, each CVC inserted that met the inclusion criteria was enrolled. All CVCs were enrolled using a unique coding system to protect patient confidentiality.
The CVC-associated BSIs were classified as definite, probable or possible (Table 1) according to the criteria published by Health Canada (8) . Blood and CVC exit site cultures were performed while the patient was in the ICU. Catheter tip cultures were performed using the semiquantitative method described by Maki et al (13) . When calculating the CVC-associated rates of BSIs, CVCs were counted only once as the source of infection.
Data collected for each CVC inserted included the following: date of insertion, date of removal or date of patient transfer from the ICU, insertion site, insertion complications, use of a CVC impregnated with an antibiotic or antiseptic agent, the number of lumens, the presence or absence of a cuff, the use of needles to enter the administrative tubing system, primary use of the CVC, reasons why the CVC was removed and whether the CVC was replaced, date of birth, and reason for the patient's ICU admission. Birth weight was recorded when a CVC patient was enrolled in a neonatal ICU. For all CVCs associated with a BSI, results of blood cultures, CVC tip cultures, the presence or absence of septic thrombophlebitis, the presence of a CVC exit site or tunnel infection, corresponding laboratory data, action taken in response to the BSI (ie, use of antimicrobial agents and/or removal of the CVC) and patient outcome were collected.
Catheter days were defined as the end date minus insertion date or the date the patient was transferred from the unit, and patient enrollment days were defined as the end date of the last CVC inserted into the patient minus the date the first catheter was inserted. The duration of enrollment was determined for each patient and used to calculate a pooled mean and median length of enrollment for each ICU. This value was used as a surrogate marker for patient care acuity based on the premise that longer patient enrollments would be reported in more seriously ill patients.
Criteria and data collection for the nested case-control study Individuals with a CVC-associated BSI were age-matched (younger than one year of age, one to 18 years of age and older than 18 years of age) and unit-matched (same ICU) with the first individual enrolled after the individual who did not have a BSI. If a control patient was not identified by the end of the study using the above criteria, the control patient was identified as the first individual enrolled before the individual who was in the same ICU, who did not have a BSI and who met the age-match criteria. Additional data collected for the cases and controls included immune status (presented with diabetes mellitus; infected with HIV; treated with chemotherapy, radiotherapy or high-dose steroids equivalent to prednisone 2.0 mg/kg/day or greater in children, or 20 mg/day or greater in adults; or, organ transplant recipients), presence or absence of a surgical wound, presence of a tracheostomy, use of endotracheal intubation, white blood cell (WBC) count and serum albumin level. For case and control CVCs, the time of insertion, the physical location where the CVC was inserted and whether the CVC was inserted as an elective or emergency procedure were reported.
Age-specific criteria were used to classify WBC counts and serum albumin levels into categorical variables. The serum albumin level was classified as low when the level was less than 26 g/L in individuals younger than eight weeks of age, less than 34 g/L in individuals between eight weeks and three years of age, and less than 39 g/L in individuals over three years of age. The complete questionnaire and in-depth variable definitions are available from the CVC Working Group, CNISP, Public Health Agency of Canada.
Analysis
Data were entered and analyzed using EPI INFO 6.04b (Centers for Disease Control and Prevention, USA) and SAS (SAS Institute Inc, USA). Categorical data were analyzed for significance with the χ 2 test, using either Yates correction or a Fisher's exact test as appropriate. The χ 2 test for linear trends was used to assess the risk of infection related to the number of CVCs enrolled per patient. Means were analyzed using a Kruskal-Wallis H test because the data were not normally distributed. Spearman's rank correlation was used to test for any relationship between variables. P<0.05 was considered significant. Risk factors identified in the univariate analysis that had an OR greater than 2.0 or P<0.05 were included in a multiple logistic regression analysis. Analysis was performed using all CVCs enrolled in the study and repeated analysis used patients rather than CVCs as the basis of the analysis. In addition, multiple logistic regression using a backward elimination procedure was performed on the data collected for the case-control study. Only data from the first BSI reported in an individual were entered into the analysis. Variables that did not meet the 0.2 significance level were removed from the model. The analysis was performed using both unmatched and matched data.
RESULTS
Prospective cohort study The prospective cohort study was conducted over a consecutive six-month period in 41 ICUs located in 19 CNISPassociated health care facilities, representing eight of the 10 provinces in Canada. The rates of CVC-associated BSIs were also calculated for all ICU types (Table 2) . Table 3 describes the CVC and patient enrollment data, and Table 4 describes the rates of CVC-associated BSIs calculated for the participating ICUs. The adult, pediatric and neonatal ICUs with longer mean and median enrollment times had higher rates of CVCassociated BSIs (the critical value for a Spearman's rank correlation coefficient was not exceeded). The distribution of insertion sites of the CVCs is reported in rate of CVC-associated BSI was 4.9% in the present cohort (Table 4) . A single CVC-associated BSI occurred in 168 of 2531 patients (6.6%). Fourteen of the 168 patients (8.3%) had two or more CVC-associated BSI, for a total of 182 CVCassociated BSI in the present study. Twenty-eight of the 182 CVC-associated BSIs (15.3%) were classified as definite, 117 (64%) as probable and 37 (20%) as possible infections (8) .
Of the 189 organisms identified, coagulase-negative Staphylococcus species accounted for 73%, Staphylococcus aureus 5.8%, Enterococcus species 5.3% and Candida species 5.3%. Gram-negative bacilli were isolated 7.9% of the time (ie, Pseudomonas species 2.1%, Klebsiella species 2.1%, Enterobacter species 2.1%, Escherichia coli 1.1% and Acinetobacter species 0.5%). Other organisms identified included viridans Streptococcus group (1.1%), Corynebacterium species (1.1%) and Clostridium species (0.5%). A single organism was isolated in the majority (96%) of the BSIs. Exit site infections were identified in 10 of 182 CVC-associated BSIs (5.4%). Two tunnel infections (1.1%) and one episode of septic thrombophlebitis (0.5%) were reported.
Duration of insertion was found to be a significant risk factor for a BSI (P<0.0001). CVCs not associated with a BSI were inserted for a mean of 7.1 days (median six days), while CVCs associated with a BSI were inserted for a mean of 11.6 days (median nine days). A CVC was associated with a BSI in 4.1% of the first CVCs inserted, 6.1% of the second CVCs inserted, 8.4% of the third CVCs inserted, 5.9% of the fourth CVCs inserted and 12.5% of the fifth CVCs inserted (χ 2 for linear trends=12.6, P<0.0004). Intrinsic characteristics of the CVCs were evaluated as risk factors for CVC-associated BSI in a univariate analysis. However, some of the characteristics reflected institutional decisions to purchase certain types of CVCs. For example, six institutions used needles to enter the intravenous tubing, five used a needleless system, and eight used both a needle and a needleless system. A needle was used to enter the tubing system in 142 of 181 CVCs associated with a BSI (78.5%) compared with 2407 of 3470 CVCs not associated with a BSI (69.4%) (OR=1.61, 95% CI 1.13 to 2.33; P=0.01). Five institutions used both impregnated and nonimpregnated CVCs, while 14 institutions used only nonimpregnated Table 6 . Individuals with CVC-associated BSIs caused by organisms other than coagulase-negative staphylococci were not more likely to die than individuals with coagulase-negative staphylococcal BSIs.
Case-control study
The findings of the unmatched and matched case-control analysis are reported in Table 7 , and the results are very similar. Although the ages of cases and controls were not significantly different in the adult and pediatric ICUs, controls in the neonatal ICUs (mean age 19.6 days) were significantly younger than the case patients (mean age 30.4 days) (Kruskal-Wallis H test 0.2). The birth weights of cases were not significantly different from controls. Among the cases, 73 (40%) received TPN, 34 (18.7%) were immunocompromised, and 29 (15.9%) were both immunocompromised and had received TPN (total 74.6%). Among the controls, 37 (20.3%) had received TPN, 35 (19.2%) were immunocompromised, and 10 (5.5%) were both immunocompromised and received TPN (total 45%). Cases differed significantly from controls in the proportion of individuals in each group (P=0.02). Only 12 pairs were discordant with respect to the use of impregnated or nonimpregnated CVCs.
Multiple logistic regression analyses
Using the multiple logistic regression, two continuous and 13 nominal variables were analyzed. Interactions between the uses of the CVC for administering antimicrobial agents, TPN, tracheostomy, as well as the continuous variables time in the ICU and duration of CVC insertion were tested in all analyses and were not found to be significant. Because the variance explained by the duration of CVC insertion and length of time of enrollment was almost identical, only duration of CVC insertion was used in the analyses. In the prospective cohort, significant factors included duration of insertion (P=0.0001), TPN administration (P=0.0001), use of impregnated catheters (P=0.002) and use of CVC for antimicrobial agents (P=0.05).
Nonsignificant P values suggesting a trend were reported for two variables: more than one CVC inserted (P=0.07) and use of needles to enter the system (P=0.09).
In the nested case-control study of 168 cases, six variables explained 79.8% of the variance in the unmatched analysis. The conditional ORs were 1.2 per day of CVC insertion after 48 h (95% CI 1.1 to 1.3), 6.1 if receiving chemotherapy (95% CI 1.5 to 24.8), 3.5 if the patient had more than one CVC inserted (95% CI 1.8 to 6.7) and 2.3 if the CVC had more than one lumen (95% CI 1.2 to 4.3). TPN (OR=1.6, 95% CI 0.90 to 2.9) and presence of clean/contaminated, contaminated or dirty surgical wound (OR=1.6, 95% CI 0.84 to 3.2) were included in the model even though the 95% CI crossed 'one'. Three of the six risk factors identified in the unmatched backward multiple logistic regression analyses were significant in the matched case-control backward multiple logistic regression analysis. Significant variables included duration of CVC insertion (OR=1.2 per day of CVC insertion longer than 48 h; 95% CI 1.1 to 1.3), receiving TPN (OR=4.1, 95% CI 1.2 to 14.3) and having more than one CVC (OR=3.1, 95% CI 1.5 to 6.5).
DISCUSSION
The present study reports the results of a six-month, active prospective, multicentre cohort study that monitored CVCassociated BSIs in 41 ICUs in 19 Canadian health care facilities (75% of Canada's medical school-affiliated acute care facilities) and represents one of the largest cohorts of this kind studied in Canada. The present study illustrates the complexity of calculating and comparing rates and risk factors associated with CVCassociated BSIs. For example, some studies (14-16) have included all catheters in the denominator data regardless of duration of insertion, while some included only catheters inserted for more than 48 h. The criterion of including only CVCs inserted for more than 48 h markedly decreased infection control practitioners' workload and did not significantly affect the detection of BSIs because the CVCs associated with a BSI were in place for a mean of 11.6 days. Choosing the latter definition for the denominator in our study arguably resulted in a more accurate and conservative estimate of the CVCassociated rate of BSIs by excluding the large number of patients who would have had CVCs for monitoring purposes only. The CVC-associated BSI rate in our study was determined using four denominators. CVC-associated BSI rates calculated per 100 CVCs consistently gave the lowest infection rate. Rates calculated per 1000 CVC days and per 1000 enrollment days gave almost identical rates. Rates calculated per 100 patients were similar to the rates calculated per 1000 CVC days and per 1000 patient enrollment days in the adult and pediatric ICUs, but was higher than the rates calculated in the neonatal ICU. ICUs with longer mean durations of patient enrollment reported higher rates of CVCassociated BSIs, suggesting that these ICUs treated more seriously ill patients.
Central venous catheter infections
Our study calculated CVC-associated BSI rates using standardized definitions, which allowed comparability between sites. However, we recognize that a variety of criteria, all of which influence the numerator, have been used to identify a CVC-associated BSI (3, 10) . For example, some define a CVCassociated BSI when blood cultures from two different sites grow the same organism and no other obvious source of infection is identified, while others require only one positive blood culture with no obvious source of infection (17) (18) (19) (20) (21) . We acknowledge the limitation in the present study that the rate of CVC BSIs may have been influenced by the use of a 'possible' definition including a number of coagulase-negative staphylococci from a single blood culture, when in fact, this represented contamination. Exclusion of this latter category from the numerator reveals a CVC BSI rate of 5.3 per 1000 days for the entire cohort. We acknowledge that it is possible that infections in the 'possible' category may have been cases of contamination but this would only be in ICUs with large numbers of neutropenic or immunosuppressed patients in their populations, and the latter was a negligible factor in our study. In addition, we acknowledge that lack of postdischarge follow-up from the ICU may have also missed some cases of CVC-associated BSI.
Other factors that need to be considered when reviewing studies reporting rates of CVC-associated BSIs (18) include different patient populations, the intent of catheter use (22) and the duration of use (14, 23) . Before the study, we predicted that rates calculated in the present study would be higher than those reported by the NNIS (14) because the NNIS uses all CVCs in the denominator data, regardless of duration. However, the rates of infection reported in our study were comparable or lower than the NNIS reported rates. The NNIS, which uses all catheters, has reported pooled mean rates of BSIs in adult ICUs that vary from 4.5 to 7.2 (1986 to 1997) (14) and 2.9 to 5.9 (1992 to 2001) (1) BSIs per 1000 CVC days, compared with 6.2 reported in our study. However, several factors may offer explanations for the rates of CVCassociated BSIs reported in our study. CVCs that crossed the tricuspid valve were excluded from our study, and these CVCs have been reported to have higher rates of infection than CVCs not crossing a heart valve. Another factor affecting the comparison of rates is that different patient populations may be admitted to American versus Canadian ICUs (eg, relatively fewer gunshot injuries are reported in Canada than in the United States). In the pediatric ICUs, our pooled rate of CVC-associated BSIs was 5.0 BSIs per 1000 CVC days compared with rates 7.6 and 8.1 reported by NNIS for two different time periods (1, 14) . The neonatal BSIs rates calculated by birth weight varied from 3.8 to 11.3 and from 4.8 to 12.6 in the NNIS reports from two time periods (1, 14) , compared with 4.1 to 8.4 in our study. Birth weight was not a risk factor for CVCassociated BSIs in the case-control study, although age was a risk factor in the unmatched case-control data. The CVCassociated BSI rates reported for burn patients in our study (ie, 16.1 BSIs per 1000 CVCs) were very similar to the rate reported in the NNIS study (ie, 14.6 BSIs per 1000 CVCs) (14) . Finally, it is possible that differences in placement, catheter care or dressings may have contributed to the lower rates in our study in the pediatric and neonatal populations. Previously reported risk factors for the development of CVC-associated BSIs were evaluated in our study. Duration of CVC insertion, use of the CVC to administer TPN and having more than one CVC inserted during the ICU admission were identified as risk factors for CVC-associated BSIs in the univariate-matched case-control and multiple logistic regression analyses. These risk factors were identified in the multiple logistic regression analysis using all CVCs, all patients, and matched and unmatched case-control data. In the backward elimination multiple logistic regression analysis using the unmatched case-control data, a very high percentage of the variance (approximately 80%) was explained by duration of CVC insertion (OR=1.2 per day), receipt of chemotherapy (OR=6.1), having more than one CVC inserted during the study (OR=3.5), inserting a CVC with two or more lumens (OR=2.3), using the CVC to administer TPN (OR=1.6) and having a surgical wound other than a clean wound (OR=1.6).
Risk factors relating to the development of CVC-associated BSIs were identified in analyses other than the backward elimination multiple logistic regression, and may have been confounding factors or associations that did not have sufficient numbers to retain their association in more demanding analysis. Interpreting the results for impregnated CVCs is difficult. The initial finding in the cohort analysis that CVCs impregnated with antimicrobial substances were associated with BSIs was unexpected and differs from other reported literature. One other possible explanation is that the association truly exists and that centres using impregnated CVCs used less stringent techniques and catheter care for these CVCs, believing that there was a protective effect using these catheters. However, it may have been a confounding variable because it did not achieve significance in the matched case-control study, which would be considered a more rigorous analysis. The case-control study identified receiving high-dose steroids and having a tracheostomy as additional risk factors.
Factors not associated with BSIs included the anatomical site of the CVC insertion (when the umbilical catheters were excluded from the analyses), use of the CVC for hemodialysis, WBC counts, serum albumin levels, whether the patient was intubated, time of CVC insertion and circumstance under which the CVC was inserted. Having diabetes mellitus had an OR of 2.5 but was not statistically significant. Death occurred in 15.3% of the individuals enrolled in the study. Death was more likely to occur in individuals who had a CVC-associated BSI (surveillance and case-control). Among individuals with a CVC-associated BSI, failure to remove a CVC associated with a BSI was associated with death, although it is not clear whether these individuals died because of the BSI or whether a decision had been made to withdraw care.
The number of deaths occurring in individuals with coagulase-negative staphylococcal BSIs was not significantly different from the number of deaths occurring in individuals with infections caused by other organisms. This result most likely reflects the importance of coagulase-negative staphylococci as a pathogen in immunocompromised hosts. Sixty per cent of the individuals in the case-control study were immunocompromised, receiving TPN, or both.
SUMMARY
The present study has provided a benchmark for ICU CVCassociated infections in Canada and has provided insight into using a novel process for CVC infection surveillance (only tracking CVCs inserted for more than 48 h). A denominator of CVCs inserted for more than 48 h may provide a more efficient means of tracking ICU CVC-associated infections by significantly reducing the amount of time data collectors (eg, infection control practitioners and nurses) spend tracking CVC-associated infections. 
